Abstract-Many fruit recognition systems today are designed to classify different type of fruits but there is no content-based fruit recognition system focuses on durian species. Durian, known as the king of tropical fruits, have few similar characteristics between different species where the skin have almost the same color from green to yellowish brown with slightly different shape of thorns and it is hard to differentiate them with the current methods. Sometimes it is even hard for general consumers to differentiate durian species by themselves. This work aims to contribute to an automatic content-based durian species recognition that will be able to assist users in differentiating various species of durian. Few global contourbased and region-based shape descriptors such as area, perimeter, and circularity are computed as feature vectors and K-Nearest Neighbors algorithm is used to classify the durian based on the extracted features. 10-fold cross-validation is used to evaluate the proposed system. Experimental results have shown that the proposed feature extraction method for the durian species recognition system has successfully obtained a positive recognition rate of 100%.
I. INTRODUCTION
Image recognition is a process of identifying an object in a digital image [1] . Image analysis is used in recognition or classification system with the technique of extracting data from the image and matching with the training data in the database to identify objects. Fruit recognition system, on the other hand, uses fruit image's content for analysis, identification and classification in the agriculture domain.
Malaysia is a country rich in choices of tropical fruits. Most of the local fruits are available all year around in the market but some are seasonal such as Durian (Durio zibethinus) [2] [3] . Durian comes in various species, however the characteristics of durian in general are almost the same even if they are from different species. Mostly are hard-shelled with green thorns and they are hard to differentiate. Experienced farmer in planting durian may find it easy to categorize various durian species but it would be extremely hard for others to identify and classify durian species correctly. Previously, there are many existing fruit recognition systems such as mandarin recognition [4] and olive fruits recognition [5] . However, to our knowledge, there is no content-based durian species recognition system. Ninawe & Pandey [6] proposed a fruit recognition system using combination of color, shape, texture and size-based features to perform classification of fruit images. Color details (RGB) is extracted as color descriptor. The area and perimeter are calculated to obtain the roundness value which will act as the shape feature. Texture on the other hand is represented by computing the entropy value of the image. Lastly, the kNearest Neighbor algorithm will figure out the closest class label of fruit image to the input image. This system achieves up to 95% of accuracy. The advantage of this system is it is invariant to rotation and translation. However, the proposed method leads to high computation time.
Arivazhagan, Shebiah, Nidhyanandhan, Selva and Ganesan [7] proposed a fruit recognition through the fusion of color and texture features. Color and texture play a vital role in representing information of natural images. HSV color space of image is utilized in this system. Color feature values are computed based on saturation and value channels. The color statistical features include mean, standard deviation, skewness and kurtosis. Texture feature values are contrast, energy, local homogeneity, cluster shade and cluster prominence. This system eventually compares the recognition rate among fusion of color and textures features with the individual methods. It shows an improved recognition rate by combining color and texture. Nevertheless, the variability of the agricultural objects makes it very difficult to adapt the method. Some agricultural domain might be the same in color and texture but different in shape.
Plant Variety Protection Malaysia (Varieties Registered for National Crop List) [8] Users can search durian species by providing input in the form of a keyword such as variety registration number which usually formed by alphabet D and followed by unique number. Besides, users can go through the entire list in the database to search the durian species. The advantage of this database is providing trustable sources of durian information for user. The limitation of this database is it only allows the search of durian species using keyword. In this case, users who do not know the name of the durian species only can key in "durian" and get a long-list result. Users cannot search the details of durian species directly and have to go through all of the results one by one. This method will consume a lot of time to search for an exact durian species. Moreover, the images of durian species are not available for all species. Users cannot imagine how exactly the particular species look like by only through the text description.
In [9] , the authors classify durian varieties based on vocabularies of durian characteristics and image annotations using conceptual graph method. Durian varieties can be determined semantically, however, the work is done semiautomatically and various characteristics of a durian species need to be determined first before classification or recognition can take place.
Feature extraction is very important in image representation where the right features will lead to accurate representation and recognition, and vice versa [10] . Although the fusion of features is important in expressing the different and useful information of image, at the same time, the complexity of an algorithm has to be considered. Since different species of durian might have approximately the same color and textures, so this work aims to introduce a feature extraction method which integrates simple global contour-based shape descriptor with global region-based. This approach is applied to a recognition system for durian species. The outline of this paper is as follows. Section II explains the proposed method while Section III describes the durian species recognition system. The framework for evaluation and analysis of results on the other hand are described in Section IV. Finally, the conclusion and future direction are presented in Section V.
II. SYSTEM DESIGN
At the beginning of the proposed system, all of the durian images that act as the training data will be uploaded into the database. First of all, the image will be resized to 320 × 240 pixels and converted to the HSV color space. HSV color model is selected because of its invariant properties, such as Hue is invariant to brightness. Next, the extracted Hue channel of the image will be converted to binary based on the minimum and maximum threshold values of 0.1111 and 0.4722 respectively. The selected image size and threshold values are found to be suitable through conducted empirical studies. In Hue channel, 0.1111 is around 40 degree which is equivalent to yellowbrown color whereas 0.4722 is around 170 degree which is equivalent to green-blue color. The noises in the image are then removed using morphological operations. The first morphological step is 'opening' on the binary image with a square structuring element of radius 2. Then, the 8 connected objects which are lesser than 200 pixels are removed from the binary image.
Next, global contour-based and region-based shape features are extracted. The area and perimeter of region of interest are obtained. Then, the durian base circularity value is calculated using the Eq. (1) below:
(1)
A circularity value of 1.0 indicates a perfect circle. After computing the value of circularity, this value is stored as feature database. Fig. 1 shows the overall framework of a general recognition system and Fig. 2 shows the proposed feature extraction for durian species. In order to classify the species of a new durian image, firstly, the new image will undergo the feature extraction process. Next, the feature vector of the testing image will be compared with the feature database by using K-Nearest Neighbor (KNN). KNN algorithm will calculate the Euclidean distance between testing images and training images. In the traditional classifier of KNN, K can be obtained through the testing of values from K = 1 to K = square root of the number of samples in training dataset [11] . Based on this theory, we performed an empirical study for further investigation where few K values (3 and 5) are tested. Odd values of K are chosen for testing to avoid ties in the score of results and K = 1 is not chosen as it can lead to overfitting [12] . From the experiment, we found that K = 3 and K = 5 obtained similar results but K = 5 involved more computation. Hence, K = 3 is chosen for this work. The three closest species to the query image is obtained based on the calculated shortest Euclidean distance. Then, the testing image is allocated with a class label that specifies the species it belongs to, based on the voting system in KNN. For instance, when the three closest images have two images with same class label and an image with different class label, the class label with two votes is selected. Fig. 3 shows the KNN algorithm process. MATLAB is used to develop the proposed system, MySQL Workbench is used to create all the tables and MySQL server is used to connect the database to MATLAB. Fig. 4 shows the Entity-Relationship diagram of the proposed durian species recognition system. The image table is the main table that connects to the shape table. The imageID is the primary key in the main image table, and at the same time, acts as the foreign key in the shape table. The image table contains path of the train image and registrationNo which is the species number of durian. There are three other fields (area, circularity, and perimeter) in the shape table which are the computed values stored. button, home button and the list of images in the database. The image in the database can be deleted or updated by clicking on the update button. Fig. 5 (b) shows the recognition interface of the proposed system which allows user to upload an unknown durian bases image and classify the species of the image. In order to evaluate the proposed system, the dataset is equally divided into 10 parts for 10-fold cross-validation. For each round, one of the subset folders is used for testing and the other folders are used for training. The testing and training will continuously loop until every subset folder has been used for training and testing. In order to calculate the recognition rate of the proposed system, Eq. (2) below is used:
We compared our proposed work with the method done by [6] . Table 1 shows the summary of the individual accuracy value for 10 folders for our proposed work and the method done by [6] . Based on Table 1 , it can be seen that the proposed method manages to accurately recognize the species of a given durian image for all 10 rounds of validation. In comparison to the benchmark method, two rounds of validation only able to achieve 75% accuracy. This resulted to the achievement of a mean accuracy rate of 100% for the proposed method in comparison to a mean accuracy rate of 95% for the method by [6] . From this result, it can be concluded that the proposed durian species recognition system has successfully classified the species of durian. The method proposed which is extracting the global shape features of a durian's base instead of fusing too many features for representation is also easier to be applied for real world application due to its low complexity.
V. CONCLUSION AND FUTURE RESEARCH
In Malaysia, there are 133 varieties of durian species registered in Plant Variety Protection Malaysia. The value of durian in the market is increasing day by day. Hence, it is very important to learn about these durian species.
The proposed shape feature method by using simple global shape descriptors has successfully achieved a mean of 100% recognition rate based on 10-fold cross-validation. The recognition of durian species can now be done easily using the system by uploading an image of an unknown durian species instead of searching it online by text.
For future work, we plan to expand the dataset by including more images for each species as well as exploring other durian species. A mobile-based application will also be considered to make it easier for general consumers to utilize the app during the purchasing of durian.
